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I. Basis of the report 
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I I the international application as originally filed 

the description: 

pages 1-10 

pages 

pages 



, as originally filed 
, filed with the demand 



. filed wilh the letter of 



the claims: 
pages 
pages 
pages 



, as originally filed 

, as amended (together wilh any statement) under article 1 9 

. filed \\ilh the demand 



pages 11-13 



lllcd with the letter of 24.08, 2001 



the drawings: 

pages 1 

pages 

pages 



, as originally filed 



liled with the demand 



. lllcil with the letter of 



I I the sequence listing part of the description: 
pages 

pages 
pages 



, as originally filed 



, died the demand 



filed wilh Ihc letter oC 
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' — ' or 55.3). 
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I I furnished subsequentl\^ to this Authority in written fonn. 
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I iilotiml ■ riimt «ii-\til n o line? K#r»r»t» !*■ i«-t'\ieK/-k/| 
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4. 1 I The amendments have resultetl in the cancellation ol: 
I I the description, pages 
I I the claims, Nos. 
I I the drawings, sheet/llg 



inlemational application as filed has been funiishcd. 
1 he statement that the information recorded in computer readable Ibrm is identical to the written sequence listing has 
been furnished. 



^ I I This report has been established as if (some ol) the anieiulincnts had not been made, since they have been considered to go 
' I 1 bevond the disclosure as filed, as indicated in the Supplcmenlal 1 U)x (Rul< 



: (Rule 70.2 (c)).** 



♦ Replacement .sheets which have been funii shed to the receivuif^ (HV^'^' respan.se to an invitation under Aii id e 14 are I'efeired to 
in this report as "originallv filed" and are annexed to this repoti since they do not contain aniendnients (Rides 70.16 

and 70.17). 

** Afiv rei?/acement sheet containing such amendments must he referred to under item J and annexed to this report. 
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V. Reastincd statement under Article 35(2) with regard t(» novelty, inventive step <ir industrial applicahility; 

citnti(Mis nnd explanations supporting such statement 



I . StatemcJit 

Novelly(N) Claims 1-14 YliS 

Claims NO 

Inventive step (IS) Claims 1 — 14 YliS 

Claims NO 

Industrial applicability (lA) Claims 1-14 YES 

Claims , NO 



2. Citations and explanations (Rule 70.7) 

The invention relates to a method and an apparatus for 
measurement of water content of a liquid by simultaneously 
performing two different electrical measurements. Properties 
of the liquid are measured using both a relative-value 
measurement and an absolute-value measurement- The apparatus 
of the invention comprises one sensor sensitive to changes in 
dielectric coefficient and another sensor sensitive to 
relative water content. 

The invention is intended to solve the problem concerning 
determination of water content in oil, which usually require a 
zeroing step that is temperature dependent. 

The method according to amended claims 1-8 further comprises 
the repetition of the measurement at two different 
temperatures in a rapid succession at a constant water 
content. The apparatus according to amended claims 9-14 also 
defines that the sensor means adapted for measuring the 
relative water content contains an auxiliary medium capable of 
absorbing water contained in the liquid under measurement. 
These features are not revealed by the prior art documents 
cited in the International Search Report and there is no hint 
in these documents leading a person skilled in the art to the 
solution according to present invention. 

Consequently, the invention according to amended claims 1-14 
is novel, industrially applicable, and is considered to 
involve an inventive step. 
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Intcriuitiotuil appHcalion No. 

PCT/FIOO/00542 



Vlll. Certain abservatitin.s on the international application 



rhe Ibllowing observalions on the clarity of the claims, description, aiul drawings or on the question whether the claims arc fully 
supported by the description, are made: 

The independent claim 1 is not considered to fulfil the 
requirement on clarity and conciseness. Expressions like 
property of the liquid is measured electrically for one 
parameter" and ''another electrical method" are too broad and 
do not define how the invention is actually performed. 
Further, the expression ""measurement method resulting in the 
measurement of the liquid for its dielectric coefficient and 
relative water content" of claim 1 is directed to a result to 
be obtained without clearly defining how this is actually 
done . 

Claim 1 is further unclear since it presents the wish that 
''said measurement is repeated at two different temperatures in 
a so rapid succession that the water content of the liquid may 
be assumed to stay at least substantially constant" . This 
expression is vague and does not give a clear definition on 
how rapid the measurement should be repeated. 

Consequently, the subject matter of claim 1 should be 
clarified in order to define all the features needed to obtain 
the result in view. 
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t is claimed is: 



ethod for measurement of water content of a liquid, in which method a property 
of the liquid is measured electrically for one parameter. 



10 



- the properties of the liquid are measured at least substajgmlly simultaneously 
also by another electrical method, whereby the propCTties of the liquid are 
measured using both a relative-value measurq;iaient method and an absolute- 
value measurement method resulting in tti^ measurement of the liquid for its 
dielectric coefficient and relative wat^ content 

characterized in that 



15 



- said measurement is repeated at two different temperatures in a so rapid 

succession that the^ater content of the liquid may be assumed to stay at least 
substantially constant. 



20 




30 



2. Method ac^rding to claim 1, characterized in that the temperature 
dependence/of the dielectric coefficient of an entirely dry liquid is determined by 
measuring essentially simultaneously the Er and temperature of the Uquid at at least 
two t^nperatures. 



characterized in that said relative 
Dut using a capacitive sensor. 




3. Method according to claim 1 or 2, 
water content meeisurement is carried 



4. Method according to any one of foregoing claims, characterized in that 



changes in the results of water conter t 



compensated for by virtue of using oi ly the most recent data of the measurement 



history for the compensation for char 



measiurement due to aging of the liquid are 



ges in the response of the measurement system. 
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5. Method according to any one of fc regoing claims, characterized in that 
the aging of said liquid, advantageous ly oil, is indicated on the basis of changes in 
the value of Eq, 

6. Method according to any one of fo regoing claims, characterized in that, 
in the measurement of relative water content, an auxiliary medium is used for 
absorbing thereto the water containeqin the liquid xmder measurement. 



10 



ethod according to claim 5, c h aj 
is a thin-film polymer ] 



erized in that said auxiliary medium 



layer. 




8. Method according to claim 5 or 6, 



>,\ c h a r 



acterized in that the water content 



of said auxiliary medium is determindd by way of measuring its dielectric coeflRcient. 

Apparatus for measurement of the water content of a liquid, said apparatus/!om- 
prising one electrical sensor means (5, 6 or 1, 6) for measTiring the wate^^emitent of a 
liquid, which apparatus includes 



20 



25 



- a second electrical sensor means (1 , 6 or 5, 6) foj>i6Leasuring the water content 
of a liquid, said second sensor means (1^^6^ro, 6) measuring a different 
parameter than that measured by said,first electrical sensor means (5, 6 or 1, 
6), said sensor means being suclvthat one of them measures the properties of 
the liquid by a relative- vakie measurement method and the other by an 
absolute-value measurement method, whereby one sensor means (5, 6) is 
sensitive to changes in the dielectric coefficient and the other sensor means is 
sensitive tg^tiie relative water content. 



characterized in that 
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the sensor means adapted for measuring the relative water cont^tcOntam an 
auxiliary medium capable of absorbing water containedln the liquid under 
measurement. 



10. Apparatus according to clfthfi 9, characterized in that said sensor means 
(5, 6) sensitive to chajjgesin dielectric coefficient is formed by two interdigitated 
finger electrod^(5, 6). 




1 1 . Apparatus according to claim 9 or lb, characterized in that one electrode 
10 (6) of the sensor pair adapted to performjthe measurement of dielectric coefficient 
also forms a part of the measurement electrode pair (1,6) adapted to perform the 
measurement of the relative water conteiit. 



Apparatus according to claim 9, characterized in trmpue sensor means 
15 sensitive to changes in the dielectric coefficient is forme^>3^coaxial structure, 

wherein one electrode is formed by a center pin apd^fhe jacket has a net-like structure 
and is permeable to water. 



13. Apparatus according topldm 12, characterized in that said auxiliary 
20 medium is a thin-filmjptSlymer layer. 

14. Apparatus according to claim 12 or 1 31 characterized in that the 
apparatus contains means adapted to measure the dielectric coefficient of said 
auxiliary medium whereupon the relative w iter content of said auxiliary medium can 

25 be determined. 
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Menetelma ja laitteisto nesteen vesipitoisuuden mittausta varten 

Keksinnon kohteena on patenttivaatimuksen 1 johdannon mukainen menetelma nesteen 
vesipitoisuuden mittausta varten. 

Keksinnbn kohteena on myos laitteisto nesteen vesipitoisuuden mittausta varten. 

US-patentissa 5331287 kuvataan sensori, jossa interdigitoidut elektrodit (sormielektrodit) 
on paallystetty johdepolymeerilla. Oljyssa oleva vesi hydraa polymeerin ja muuttaa sen 
johtavuutta. Havaitsee my5s mahdoUiset hapot protonoinnin kautta. 

US-patentissa 5642098 kuvataan rengasoskillaattorikytkenta, jossa useamman, samaa 
parametria mittaavan mittapaan avulla mitataan dljyn sShkoisiS ominaisuuksia. 

US-patentissa 5644239 mitataan nesteen (oljyn) sahkonjohtavuus kahdessa korotetussa 
lampotilassa. Lisaksi mitataan mahdollisesti optisesti oljyn "opacity" (sameus). NSiden 
parametrien avulla lasketaan oljyn " laatuluku" . 

US-patentissa 5656767 kuvataan sensorijarjestelma, jossa mitataan oljyn sahkoisen 
suureen (esim. kapasitanssin) muutosta ajan fianktiona. Referenssisuureena voidaan kayttaa 
puhdasta (kuiva) samaa oljya. Monia variaatiota samasta teemasta jossa esim. lammitetaan 
ngytetta yms. 

Tunnetussa tekniikassa on useita puutteellisuuksia. Yleisia koko alueen 0-100 % 
absoluuttitilavuusvesipitoisuuden mittausmenetelmia ovat dielektrisyysvakion mittaus ja 
IR-absorption mittaus. Yhteista molemmille menetelmille on se, etta niissa tarvitaan 
mittarin noUaus, ts. taytyy saataa mittaus nayttamaan 0-pitoisuutta kun anturissa on taysin 
kuivaa (vedetonta) nestetta. Tama voidaan hoitaa joko kertaluontoisena saatona tai 
pitamalla sensorissa taysin kuivaa vertailuoljya. 

LisSvaikeutena on etta tama O-saato tyypillisesti on lampotilasta riippuva. 
O-arvo voi my5s muuttua muun kun veden vaikutuksesta nesteen vanhetessa. 
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Absoluuttimenetelmat ovat vahvoilla kun vesipitoisuudet ovat isoja (%-luokassa). 

Pienilla pitoisuuksilla ongelmana on yleensa mittausherkkyys ja offset-epamaaraisyydet 
5 (nollaus-virhe). 

Suhteellisella (aw-) menetelmalla saadaan tieto vesipitoisuudesta verrattuna 
saturaatiotilaan. Muunnos absoluuttiseen volyymiprosenttiin on kuitenkin tuntematon ellei 
k.o. nesteen muunnoskerrointa ole maaritetty. Aw-menetelma on toimiva matalissa 
10 vesipitoisuuksissa (ei saturoitunut tila, ei emulsiotila), joissa saavutetaan riittava 
mittausherkkyys. Myoskaan noUausvirhetta ei ole. 

Taman keksinnon tarkoituksena on poistaa edella kuvatun tekniikan puutteellisuudet ja 
aikaansaada aivan uudentyyppinen menetelma ja laitteisto nesteen vesipitoisuuden 
15 mittausta varten. 

Keksinto perustuu siihen, etta mitataan oljyn/nesteen vesipitoisuutta samanaikaisesti 
kahdella eri menetelmalla, jolloin mittausmenetelmina kaytetaan absoluuttimenetelmaa 
ja suhteellista mittausmenetelmaa. 

20 

Tasmallisemmin sanottuna keksinnon mukaiselle menetelmalle on tunnusomaista se, mika 
on esitetty patenttivaatimuksen 1 tunnusmerkkiosassa. 

Keksinnon mukaiselle laitteistoUe on puolestaan tunnusomasta se, mikS on esitetty 
25 patenttivaatimuksen 9 tunnusmerkkiosassa. 

Keksinnon avuUa saavutetaan huomattavia etuja. 

Yhdistamalla absoluuttimenetelmaan suhteellinen menetelma (aw-mittaus) voidaan poistaa 
30 absoluuttimenetelman nollauksen tarve. 

Kayttamalla nopeasti toistettuja mittauksia eri lampStiloissa, voidaan myos lampotilan 
muutoksista aiheutuvat virheet eliminoida. 
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Keksintoa ryhdytaan seuraavassa lahemmin tarkastelemaan oheisten kuvioiden mukaisten 
suoritusesimerkkien avulla. 

5 Kuvio 1 esittaa ylakuvantona yhta keksinnon mukaista elektrodirakennetta. 

Kuvio 2 esittaa leikkausta A-A kuvion 1 mukaisesta anturirakenteesta. 

Kuvion 1 ja 2 mukaisesti keksinnon mukainen ratkaisu on toteutettavissa rakenteellajossa 
10 substraatin 4 pinnalle on muodostettu kolme elektrodia. Itse substraatin 4 pinnalla on 
alaelektrodipari 3, joka on muodostettu elektrodeista 5 ja 6. Tassa tapauksessa elektrodit 
ovat ns. sormielektrodit eli interdigitoidut elektrodit, jossa mahdoUisimman suuri 
elektrodien valinen pinta on muodostettu elektrodirakenteella, joka vastaa toistensa 
lomissa olevia somiia. Elektrodien 5 ja 6 toisiaan lahinna olevien reunojen pituus vastaa 
1 5 tasokondensaattorirakenteen elektrodipinnan pinta-alaa. Elektrodien 5 ja 6 leveys samoin 
kuin niiden valinen matka (gap) on tyypillisesti 5-500 mikrometria. Sormirakenteen lisaksi 
elektrodissa 6 on tasomainen alue 7. Elektrodit 5 ja 6 kasittavat myos kontaktialueet CI 
ja C2 elektrodien kytkemiseksi edelleen mittalaitteisiin. Alaelektrodiparin 3 paalle on 
muodostettu polymeerikalvo 2, jonka paksuus on tyypillisesti 0,5-5 mikrometria. 
20 Polymeerikalvo 2 voi ulottua myos sormielektrodirakenteen 5 ja 6 paalle, joUoin se toimii 
passivointina ja vahentaa nesteen johtavien partikkelien vaikutusta mittaukseen. 
Polymeerikalvon 2 paalla on vetta lapaiseva ylaelektrodi 1, jonka kontaktipisteena toimii 
kontakti C3. Ylaelektrodi 1 on sijoitettu elektrodin 6 suorakaidemaisen yhtenaisen alueen 
7 paalle tasokondensaattorirakenteen muodostamiseksi. 

25 

Kuvioiden 1 ja 2 rakennetta kaytetaan seuraavasti. Nesteen dielektrisyysvakio mitataan 
kayttaen elektrodien 5 ja 6 kontakteja CI ja C2. Suhteellinen mittaus puolestaan 
toteutetaan elektrodien 6 ja 1 valilla, siis kontakteista CI ja C3. 

Neste, jonka vesipitoisuutta mitataan on edullisesti oljya, mutta myos muiden nesteiden 
30 kuten hydrauliikkanesteen, bensiinin tai jaahdytysnesteen vesipitoisuutta voidaan mitata 
keksinnon mukaisesti. 

Keksinnon mukaisesti vedenaktiviteettimittaus voidaan toteuttaa seuraavasti. 
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Vedenaktiviteettimittaus on vain yksi esimerkki keksinnon mukaisesta suhteellisen 
pitoisuuden mittauksesta. 

Anturi voi olla esim. kuvioiden 1 ja 2 mukaisesti kahden elektrodin valilla oleva 
5 polymeerikalvo 2, joka absorboi vetta ympariston vesiaktiviteetin funktiona. Tallaisia 
antureita ovat esim. suhteellisen kosteuden anturit, Tyypillista tallaiselle 
mittausmenetelmalle on etta mittauksen tuloksena saadaan veden aktiviteetti ts: 

aw=F(ppm/ppm3(T)), missa ( 1 ) 

10 

ppm=veden tilavuusosuus liuoksessa*10^ 
ppms=veden tilavuusosuus kyllaisessa liuoksessa *10^ 
15 Funktio F voidaan esim. olettaa lineaariseksi joUoin: 
aw=ppm/ppms(T) (2) 

aw vaihtelee valilla 0 (taysin kuiva neste) ... 1 (kyllainen vesiliuos). 

20 

Pelkalla vedenaktiviteettimittauksella saadaan tieto siita kuinka lahella oUaan emulsio- tai 
vapaan veden tilaa. Kun emulsio- tai vapaan veden tila on saavutettu, vedenaktiviteetti on 
kuitenkin hyvin lahella arvoa 1 jolloin nesteen tilasta ei saada infomiaatiota. 
Mittausperiaatteella saadaan kuitenkin pitoisuuksissa aw < 0,9 hyvin herkka 
25 oljy/nestetyypista riippumaton tieto esim. sen voiteluominaisuuksista. 

Huonelampotilassa ppm, voi vaihdella valilla 20 ppm lisaaineistamattomalle perusoljylle 
aina yli 10000 ppm:n asti runsaasti lisaaineistetulle voiteluoljylle. 



30 



Dielektrisyysvakiomittausta kuvataan seuraavassa tarkemmin. Dielektrisyysvakiomittaus 
on vain yksi esimerkki keksinnon piiriin kuuluvista absoluuttipitoisuusmittauksista. 
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Nesteen dielektrisyysvakiomittauksessa voi anturi oUa keksinnon mukaisesti interdigitoitu 
elektrodi (sormielektrodi) kuvioiden 1 ja 2 mukaisesti tai koaksiaalinen elektrodipari Joka 
on kosketuksissa mitattavan nesteen kanssa. Anturista saatava signaali on riippuvainen 
seka mitattavan nesteen dielektrisyysvakiosta etta sen vesipitoisuudesta: 

5 

e =eo+F(ppm), missa (3) 

eo=Taysin kuivan nesteen dielektrisyysvakio 

10 F(ppm)=veden maarasta riippuva funktio. Voidaan rajoitetulla pitoisuusalueella olettaa 
lineaariseksi eli: 

e =So+a*ppm, missa (4) 

15 a = nestetyypista riippumaton vakio 

Dielektrisyysmittauksen hyva puoli on se, etta se kattaa koko mahdoUisen mittausalueen 
0-100 tilavuus % vetta. Haittapuolena mittausmenetelmassa on se, etta herkkyys kuivassa 
paassa (joka yleensa on kiinnostavin) on pieni ja etta Sq on tunnettava. Tyypillisesti mittaus 
20 kalibroidaan kayttamalla kuivattua oljya. 

Jos molempia mittausmenetelmia kaytetaan samanaikaisesti voidaan toimia useammalla 
tavalla nesteen kalibroimiseksi: 

25 Mikali nesteen ppm^CT) tunnetaan, toimitaan seuraavasti: 

Mitataan samanaikaisesti aw ja e,. Jos aw on alle 1 voidaan olettaa yhtaloiden 2 ja 4 
patevan. 

30 Yhdistamalla yhtalot 2 ja 4 saadaan ratkaistua Eq ja ppm. ppm^CT) voidaan myos arvioida, 
jos nestetyyppi on tunnettu, joUoin saadaan jonkun verran epatarkempi tulos. 
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Mikali nesteen ppms(T) on tuntematon, toimitaan seuraavasti: 

Mitataan vasteet kahdella eri (tuntemattomalla) vesipitoisuudella. Jos molemmissa 
tapauksissa aw on alle 1 saadaan yhtaloryhma, jossa on nelja yhtaloa ja nelja tuntematonta 
5 eli ratkaisu on yksikasitteinen. Jos merkitaan mittaustuloksia mittauskerroilla 1 ja 2 
vastaavilla alaindekseilla saadaan: 

eo=(aw2*£H- aw,*e,2y(aw2- aw,) (5) 

1 0 Tama toimenpide voi tapahtua myos automaattisesti mittalaitteen toimiessa jos mitattavan 
nesteen kosteuspitoisuus vaihtelee. 

Jos dataa kerataan enemman kuin kaksi mittausparia, voidaan tuntemattomat termit 
sovittaa dataan esim. pienimman neliosumman menetelmaa kayttaen. 

15 

Jalkimmaisen menetelman vahvuutena on, etta lisaksi etta mahdolliset muutokset Soissa 
tai ppms(T):ssa lampotilamuutosten tai nesteen vanhenemisen tai likaantumisen vuoksi 
voidaan kompensoida. Oljyn ikaantymista voidaan indikoida Gq muutoksesta. 

20 Jos oljynaytteen lampotilaa muutetaan tai naytevirtauksen lampotilaa muutetaan niin 
nopeasti, etta voidaan olettaa vesipitoisuuden pysyvan likimain vakiona voidaan maarittaa 
taysin kuivan nesteen dielektrisyysvakion lamp5tilariippuvuus mittaamalla lahes 
samanaikaisesti eja nesteen lampotila ainakin kahdessa lampotilassa. 

25 Esimerkiksi voimme olettaa olevan lineaarinen lampotilan funktio: 

e =bO+b 1 *T+a*ppm (6) 



30 



talloin voimme muodostaa 
eXT2> eXT2)=bl*(T2.Tl) 
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josta on bl-kerroin ratkaistavissa. Tassakin tapauksessa voi kayttaa useampaa 
lampotilapistetta ja pienimman neliosumman menetelmaa. Talla tavalla saadaan jatkuvasti 
luotettava arvio Eo-parametrille lampotilan muuttuessa. 

5 Samanaikaisesti voidaan maarittaa myos ppm,(T):n lampotilariippuvuus. Yleisesti voidaan 
olettaa rajatuUa lampotila-alueella: 

ppm,(T)=cO*e<^'*'^> (8) 

10 Jossa 

cO= ppms:n arvo kun T=0°C 
c 1 =lanip6tilariippuvuuskerroin 

1 5 Talloin voidaan mittaamalla aw ainakin kahdessa lampotilassa ratkaista cl oletuksella ettei 
nesteen vesipitoisuus muutu: 

c 1 =LN(aw 1 /aw2)/(T2-T 1 ) (9) 

20 EduUisesti nama kaksi maaritysta voidaan suorittaa samanaikaisesti. 

Keksinnon yhden edullisen suoritusmuodon mukaisesti suoritetaan noUaus automaattisesti 
aina kun aw-mittaus antaa riittavan pienen arvon. Mita pienempi aw-arvo on sita tarkempi 
noUaus saadaan. Epavarmuus menetelmassa liittyy ppnis(T):n arvoon joka on nestetyypista 
25 riippuva ja "arvattava". 

Keksinnon toisen edullisen sovellusmuodon mukaisesti on kaytettavissa kaksi naytetta 
nesteesta/oljysta eri vesipitoisuuksilla. Joko naytetaan laitteelle tietoisesti kaksi eri 
vesipitoisuudella olevaa naytetta tai kerataan prosessista vahitellen dataa ja kaytetaan 
30 prosessissa tapahtuvaa luonnollista vesipitoisuuden vaihtelua. Saamme arvon myos 
ppms(T):lle jolloin voimme laskea keksinnon mukaisesti aw-arvosta myos ppm 
vesipitoisuuden, joka ei pemstu "arvaukseen". 
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Jos kerataan dataa jatkuvasti prosessista ja samalla "unohdetaan" dataa vanhemmasta 
paasta, voidaan kompensoida myos nesteen/oljyn vanhenemisesta johtuvia muutoksia seka 
pprHs.issa etta 8o:ssa. 

Jos prosessissa lisaksi tapahtuu lampotilamuutoksia voimme myos saada arvot ppms.:ssa 
etta EqIu lampotilariippuvuudesta. 



5 
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Patenttivaatimukset: 

1. Menetelma nesteen vesipitoisuuden mittausta varten, jossa menetelmassa mitataan 
nesteen ominaisuutta sahkoisesti yhdella parametrilla, 

tunnettu siita, etta 



- nesteen ominaisuuksia mitataan ainakin likimain samanaikaisesti myos toisella 
sahkoisella menetelmalla, jolloin nesteen ominaisuuksia mitataan suhteellisella ja 
10 absoluuttimenetelmalla siten, etta nesteesta mitataan dielektrisyysvakio seka veden 

suhteellinen pitoisuus. 

2. Patenttivaatimuksen 1 mukainen menetelmS, tunnettu siita, etta mittaus 
toteutetaan kapasitiivisella anturilla. 

15 

3. Jonkin edellisen patenttivaatimuksen mukainen menetelma, t u n n e 1 1 u snta, etta 
mittaus toistetaan kahdessa eri lampotilassa niin nopeasti, etta vesipitoisuuden voidaan 
olettaa pysyvan ainakin olennaisesti vakiosuuruisena. 

20 4. Jonkin edellisen patenttivaatimuksen mukainen menetelma, tunnettu siita, etta 
nesteen vanhenemisesta aiheutuvia muutoksia vesipitoisuuden mittaukseen 
kompensoidaan kayttamalla vain tuoreinta mittaushistoriatietoa mittarin mittausarvon 
kompensointiin. 

25 5. Jonkin edellisen patenttivaatimuksen mukainen menetelma, t u n n e 1 1 u siita, etta 
nesteen, edullisesti oljyn ikaantymista indikoidaan :n muutoksista. 

6. Jonkin edellisen patenttivaatimuksen mukainen menetelma, tunnettu siita, etta 
veden suhteellista pitoisuutta mitattaessa imeytetaan mitattavassa nesteessa olevaa 
30 vetta apuvaliaineeseen. 



7. Patenttivaatimuksen 6 mukainen menetelma, tunnettu siita, etta apuvaiiaine on 
polymeeriohutkalvo. 
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8. Patenttivaatimuksen 6 tai 7 mukainen menetelma, tunnettu siita, etta 
apuvaliaineen vesipitoisuus mitataan dielektrisyysvakion avulla. 

5 9. Laitteisto nesteen vesipitoisuuden mittaamiseksi, joka laitteisto kasittaa yhden 
sahkoisen mittauselimen (5, 6 tai 1, 6) nesteen vesipitoisuuden mittaamiseksi, 

tunnettu siita, etta 

10 - laitteistossa on myos toinen sahkoinen mittauselin (1, 6 tai 5, 6) nesteen 
vesipitoisuuden mittaamiseksi, joka toinen mittauselin (1, 6 tai 5, 6) mittaa eri 
parametria kuin ensimmainen sahkoinen mittauselin (5, 6 tai 1, 6), jolloin 
mittauselimet ovat sellaiset, etta toinen mittaa nesteen ominaisuuksia suhteellisella 
ja toinen absoluuttimenetelmalla siten, etta toinen mittauselimista (5, 6) on herkka 

1 5 dielektrisyysvakion muutoksille ja toinen mittauselin on herkka veden suhteelliselle 

pitoisuudelle. 

10. Patenttivaatimuksen 9 mukainen laitteisto tunnettu siita, etta dielektrisyysvakion 
muutoksille herkka mittauselin (5, 6) on muodostettu kahdesta toistensa lomiin 

20 sijoitetusta sormielektrodista (5, 6). 

11. Patenttivaatimuksen 9 tai 10 mukainen laitteisto, tunnettu siita, etta toinen 
dielektrisyysvakion mittaukseen osallistuvista elektrodeista (6) muodostaa osan 
suhteellisen pitoisuuden mittaelektrodiparista (1,6). 

25 

12. Patenttivaatimuksen 9 mukainen laitteisto, tunnettu siita, etta dielektrisyysvakion 
muutoksille herkka mittauselin on muodostettu koaksiaaHsesta rakenteesta, jossa 
toinen elektrodi muodostuu keskitapista ja vaippa on verkkomainen ja nestetta 
lapaiseva. 

30 

13. Patenttivaatimuksen 9 mukainen laitteisto, tunnettu siita, etta mittauselimet, jotka 
on sovitettu mittaamaan veden suhteellista pitoisuutta, sisaltSvat apuvaliainetta, joka 
kykenee imeyttamaan mitattavassa nesteessa olevaa vetta. 
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14. Patenttivaatimuksen 13 mukainen laitteisto, t u n n e 1 1 u siita, etta apuvaliaine on 
polymeeriohutkalvo. 

5 15. Patenttivaatimuksen 13 tai 14 mukainen laitteisto, t u n n e 1 1 u siita, etta se kasittaa 
elimet apuvaliaineen dielektrisyysvakion maarittamiseksi apuvaliaineen 
vesipitoisuuden maarittamista varten. 



4 
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(57) Tiivistelma: 

Keksinto koskee menetelmaa ja laitteistoa nesteen 
5 vesipitoisuuden mittausta varten. Menetelman mitataan 

nesteen ominaisuutta sahkoisesti yhdella parametrilla. 
Keksinnon mukaan nesteen ominaisuuksia mitataan 
ainakin likimain samanaikaisesti myos toisella sahkoisella 
menetelmalla, jolloin nesteen ominaisuuksia mitataan 
1 0 suhteellisella ja absoluuttimenetelmalla. 
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METHOD AND APPARATUS FOR MEASURING WAIBR CONTENT 



The invention relates to a method according to the preamble of claim 1 for measur- 
ing the water content of a liquid. 

The invention also relates to an apparatus for measuring the water content of a liquid. 

US Pat. No. 5,331,287 describes a sensor, wherein interdigitated electrodes (finger 
electrodes) are coated with a conducting polymer. Water contained in the oil 
hydrates the polymer and thus modifies its conductivity. Also detects possible acids 
by way of protonation. 

US Pat. No. 5,642,098 discloses a ring oscillator circuit, wherein electrical properties 
of the oil are measured with a number of measurement heads which measure the 
same parameter. 

US Pat. No. 5,644,239 measures the electrical conductivity of a liquid (oil) at two 
elevated temperatures. The technique may be complemented with a possible optical 
measurement of oil opacity. A "figiu-e of quality" may then be computed for the oil 
from these parameters. 

US Pat. No. 5,656,767 describes a sensor system for measuring the change of an 
electrical parameter value (e.g., capacitance) in oil as a function of time. The same 
oil at a clean (dry) state may be used as a reference value. The same technique may 
be varied in multiple ways, e.g., by heating the oil sample. 

Conventional techniques are handicapped in many aspects. Common methods for 
sensing absolute water volume content over the entire range of 0-100 % are the 
measurement of the dielectric coefficient and measurement of IR absorption. Both of 
these methods have in common that they require a zeroing step of the measurement 
system, whereby the reading must be reset to zero water content when the sensor is 
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brought to measure an entirely dry (water-free) liquid. This step can be accomplished 
as a discrete zeroing operation or by using a sample of entirely dry oil in the sensor 
as a reference. 

5 An additional complication arises therefrom that such a zero setting is typically 
dependent on the temperature. 

Also other factors besides the water content may affect the zero- value with the aging 
of the liquid. 

0 

Methods measuring the absolute water content are favored at high water contents (in 
the order of several per cent). 



At lower water contents, problems generally arise from the marginal detection 
15 threshold and offset uncertainty (error of zero setting). 

A relative value (aw) measurement method gives information on the water content 
value in relation to that of a fully saturated situation. However, a conversion to the 
volume percentage value of absolute water content remains xmdefined unless a 
20 conversion factor for the liquid being measured is known. The aw measurement 
method is suitable for use at low water content levels (nonsaturated and not emul- 
sified), whereby the measxirement has a sufficiently high sensitivity. Moreover, the 
method is free from zeroing problems. 

25 It is an object of the present invention to overcome the drawbacks of the above- 
described techniques and to provide an entirely novel type of method and apparatus 
for measuring the water content of a liquid. 

The goal of the invention is achieved by way of measuring the water content of the 
30 oil/liquid using two different methods simultaneously, whereby the measurement 

technique is based on an absolute value measurement method complemented with a 
relative value measurement method. 
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More specifically, the method according to the invention is characterized by what is 
stated in the characterizing part of claim 1 . 

5 Furthermore, the apparatus according to the method is characterized by what is stated 
in the characterizing part of claim 9. 

The invention offers significant benefits. 

10 The combination of an absolute value measurement method vsdth a relative value 
measurement method (aw-type of measurement) makes it possible to eliminate the 
need for a zeroing step in the absolute value measurement. 

By way of performing a sequence of rapidly repeated measurements at different 
15 temperatures, it is also possible to eliminate errors caused by temperature variations. 

In the following, the invention will be examined in more detail by means of exem- 
plifying embodiments illustrated in the appended drawings, in which: 

20 FIG. 1 s hows a top view of an embodiment of an electrode structure according to the 
invention; and 

FIG. 2 shows a sectional view of the sensor structure of FIG. 1 along line A-A. 

25 As shown in FIGS. 1 and 2, the embodiment according to the invention can be 

implemented using a structure, wherein onto the surface of a substrate 4 is formed a 
combination of three electrodes. The surface of the substrate 4 has directly deposited 
thereon a pair 3 of bottom electrodes formed by electrodes 5 and 6. In the illustrated 
case, the electrodes are shaped into finger electrodes, more specifically disposed as 

30 interdigitated electrodes, whereby the interelectrode surface is maximized by using 
an electrode structure having the finger electrodes displaced between each other. The 
length of the adjacent edges of the interdigitated electrodes 5 and 6 is equivalent to 
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the area of superimposed electrodes in a planar capacitor. The width and interelec- 
trode gap of the electrodes 5 and 6 typically are in the range of 5 to 500 micrometers. 
In addition to its interdigitated finger electrode portion, the electrode 6 has a planar 
area 7. Furthermore, the electrodes 5 and 6 include contact pad areas CI and C2 for 
5 connection of the electrodes to measurement means. Onto the bottom electrode pair 3 
is deposited a polymer layer 2 having a thickness of 0.5-5 micrometer typical. The 
area of the polymer layer 2 may also be extended over the interdigitated finger 
electrode structure 5 and 6, whereby it also functions as a passivation layer and 
reduces the effect of conducting particles contained in the liquid sample on the meas- 
10 urement result. Onto the polymer layer 2 is deposited a water-permeable top 

electrode 1 with a contact pad area C3 for external connections. The top electrode 1 
is aligned above the rectangular solid area 7 of the electrode 6 in order to form a 
planar capacitor stmcture. 

15 The structure illustrated in FIGS. 1 and 2 is utilized as follows. The dielectric coeffi- 
cient of the liquid under measurement is measured over the contacts CI and C2 of 
the electrodes 5 and 6. Respectively, the relative value measurement is performed 
over the electrodes 6 and 1, that is from the contacts CI and C3, 

20 Advantageously, the liquid whose water content is measured is oil, but the water 
content measurement according to the invention may also be performed on other 
liquids such as a hydraulic fluid, gasoline or a coolant as well. 

According to the invention, the measurement of the activity of water can be carried 
25 out as follows. 

Firstly, it must be noted that the water activity measurement is only an exemplifying 
embodiment of the relative value measurement technique according to the invention. 

30 As shown in FIGS. 1 and 2, the sensor may comprise a polymer layer 2 deposited 
between two electrodes as an element, whose absorbency of water is a function of 
the activity of water in its immediate environment. Typically, such sensors are used 
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as relative humidity transducers, for example. This type of measurement method is 
characterized in that the measurement result indicates the degree of water activity, 
that is: 



5 aw = F(ppm/ppm,(T)), (1) 
where 

ppm = volumetric proportion of water in solutionx 10^ 

10 

ppnig = volumetric proportion of water in saturated solutionx 10^ 

The function F may for example be assumed to have a linear nature, whereby: 

15 aw = ppm/ppm3(T) (2) 

The value of aw varies from 0 (entirely dry liquid) to 1 (entirely saturated water 
solution). 

20 Hence, a mere water activity measurement gives information on how close the 

situation is either to an emulsified state or a water-separation state. However, when 
the state of emulsification or water separation is reached, the value of water activity 
becomes very close to 1, whereby no information on the state of the liquid can be 
obtained. Nevertheless, the method can render at values of aw < 0.9 in a very 

25 sensitive manner such oil/liquid-independent information that, for example, is related 
to the lubrication properties of the measured sample. 

At room temperature, the value of ppm^ may vary from 20 ppm for a basic oil having 
no additives to values above 10,000 ppm for lubrication oils rich with additives. 

30 

Next, the measurement technique of the dielectric coefficient is elucidated in more 
detail. The measurement of the dielectric coefficient is only one exemplifying 



embodiment of the absolute-value concentration measurements possible within the 
scope of the invention. 



In the measurement of the dielectric coefficient of a liquid , the sensor may be imple- 
mented either using the interdigitated electrode (finger-electrode) structure according 
to FIGS. 1 and 2 or, altematively, formed into a coaxial pair of electrodes brought 
into contact with the liquid to be measured. The output signal of the sensor is 
dependent on both the dielectric coefficient and water content of the liquid under 
measurement: 



where 

80 = dielectric coefficient of entirely dry liquid, 

F(ppm) = a function dependent on the water content. Over a limited range of water 
content, the function may be assumed to be linear, that is: 



where 

a = constant independent of the liquid type. 

An advantage of the dielectric coefficient measurement technique is that it covers the 
entire possible measurement range from 0 to 100 vol-% water. A disadvantage of the 
method is that its sensitivity at the low end of water content (where the greatest 
interest usually lies) is low and that the value of 80 must be known. Typically, the 
measurement system is calibrated using dehydrated oil as a standard. 



8, = 80 + F(ppm) 



(3) 



8r = 80 + a X ppm 



(4) 
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If both of the above-described measurement techniques are employed 
simultaneously, a number of different calibration techniques can be used for a given 
liquid. 

5 If the liquid is known by the value of its ppm^CT), the following approach is possible: 

First, the values of aw and are measured simultaneously. If aw is less than 1, 
formulas 2 and 4 may be assumed to be valid. 

10 Then, the combination of formulas 2 and 4 can be solved for Bq and ppm. It is also 
possible to estimate the value of ppms(T) if the type of the liquid is known, whereby 
the result thus obtained, however, remains slightly more inaccurate. 

If the value of ppms(T) of the liquid is unknown, the following procedure can be 
15 carried out: 

The sensor output is measured at two (unknown) water content values. If the value of 
aw is smaller than 1 in both cases, an equation group of four equations and four 
unknown variables is obtained, which means the equations can be solved in unique 
20 manner. Assigning subindices 1 and 2 for the measurement results of the two 
sessions, respectively, the following formula can be written: 

= (awj X - aw, X Sr2)/(aw2 - awj) (5) 

25 This procedure may also be arranged to take place automatically during the continu- 
ous function of the measurement apparatus if the water content of the liquid under 
measurement varies. 
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If the measurement data is collected by more than two pairs of values, the unknown 
terms can be fitted to the data using, e.g., the least squares method. 
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The benefit of the latter technique is that possible changes in the values of Eq or 
ppm5(T) due to temperature variations or aging/soiling of the liquid can be 
compensated for. In fact, the changes detected in Eq serve as an indicator of aging in 



If the temperature of an oil sample or, respectively, of a sample flow, is changed so 
rapidly that the water content of the sample can be assumed to stay substantially 
unchanged, it is possible to determine the temperature dependence of the dielectric 
coefficient of an entirely dry liquid by way of measuring essentially simultaneously 
the 8r and temperature of the liquid at at least two temperatures. 

For example it can be assumed assuming that Eq is a linear function with temperature: 

8r = bO + b 1 xT + axppm (6) 

whereby the following formula can be formed 



wherefrom the coefficient bl can be solved. Also in this case, it is possible to collect 
values at a greater number of temperatures and then fit the measurement results with 
the help of the least squares method. This technique gives a continuously reliable 
parameter estimate value for Eq as the temperature varies. 

Also the temperature dependence of ppm^CT) can be determined simultaneously. 
Over a hmited temperature range, a general assumption may be made as: 



oil. 



E,(T2) - E,(T2) = bl X (T2 - Tl) 



(7) 



ppm3(T) = cO X e^^^'^'^ 



(8) 



where 



cO = value of ppm, at T = 0 °C 

cl = coefficient of temperature dependence. 

Then, the value of cl can be solved by way of measuring aw at at least two tempera- 
tures with the assumption that the water content of the liquid remains unchanged 
during the measxirements: 

cl = LN(awl/aw2)/(T2.Tl) (9) 

Advantageously, these two determinations may be carried out simultaneously. 

According to a preferred embodiment of the invention, the zeroing operation is per- 
formed automatically each time the measurement of aw gives a sufficiently low 
value. The lower the value of aw the more accurate the zeroing operation. The 
uncertainty of the method is associated with the value of ppm3(T) that is dependent 
on the type of liquid under measurement and thus can be obtained by an "intelligent 
guess". 

According to another preferred embodiment of the inVention, two samples of the 
liquid/oil having different water contents are taken. Then, the measurement system 
may intentionally be set to measure two samples of different water contents or, 
altematively, gradual accumulation of data from the measured process is utilized, 
whereby the natural variation of water content in the monitored process is availed of 
This approach also gives a value for ppms(T) on the basis of which it is possible 
according to the invention to compute from the measured value of aw the correct 
value of ppm without resorting to an "intelligent guess". 

If a continuous data collection from the monitored process is performed using simul- 
taneously a sliding-window technique for "dumping" obsolete data, it is also possible 
to compensate for changes in both the value of ppm^ and Sq due to aging of the 
liquid/oil. 
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In the case that the process also is subjected to temperature changes, the temperature 
dependencies of ppm^ and Eq can also be resolved. 
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What is claimed is: 

1 . Method for measurement of water content of a liquid, in which method a property 
of the liquid is measured electrically for one parameter, 

5 

- the properties of the liquid are measured at least substantially simultaneously 
also by another electrical method, whereby the properties of the liquid are 
measured using both a relative-value measurement method and an absolute- 
value measurement method resulting in the measurement of the liquid for its 

10 dielectric coefficient and relative water content 

characterized in that 

- said measurement is repeated at two different temperatures in a so rapid 

15 succession that the water content of the liquid may be assumed to stay at least 

substantially constant. 

2. Method according to claim 1, characterized in that the temperature 
dependence of the dielectric coefficient of an entirely dry liquid is determined by 

20 measuring essentially simultaneously the £r and temperature of the liquid at at least 
two temperatures. 

3. Method according to claim lor2, characterized in that said relative 
water content measurement is carried out using a capacitive sensor. 

25 

4. Method according to any one of foregoing claims, characterized in that 
changes in the results of water content measurement due to aging of the liquid are 
compensated for by virtue of using only the most recent data of the measurement 
history for the compensation for changes in the response of the measurement system. 
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5. Method according to any one of foregoing claims, characterized in that 
the aging of said liquid, advantageously oil, is indicated on the basis of changes in 
the value of Eq. 

6. Method according to any one of foregoing claims, characterized in that, 
in the measurement of relative water content, an auxiliary medium is used for 
absorbing thereto the water contained in the liquid under measurement. 

7. Method according to claim 5, characterized in that said auxiliary medium 
is a thin-film polymer layer. 

8. Method according to claim 5 or 6, characterized in that the water content 
of said auxiliary mediimi is determined by way of measuring its dielectric coefficient. 

9. Apparatus for measurement of the water content of a liquid, said apparatus com- 
prising one electrical sensor means (5, 6 or 1, 6) for measuring the water content of a 
liquid, which apparatus includes 

- a second electrical sensor means (1, 6 or 5, 6) for measuring the water content 
of a liquid, said second sensor means (1, 6 or 5, 6) measuring a different 
parameter than that measured by said first electrical sensor means (5, 6 or 1, 
6), said sensor means being such that one of them measures the properties of 
the liquid by a relative-value measurement method and the other by an 
absolute- value measurement method, whereby one sensor means (5, 6) is 
sensitive to changes in the dielectric coefficient and the other sensor means is 
sensitive to the relative water content, 

characterized in that 
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- the sensor means adapted for measuring the relative water content contain an 
auxiliary medium capable of absorbing water contained in the liquid under 
measurement. 

5 10. Apparatus according to claim 9, characterized in that said sensor means 
(5, 6) sensitive to changes in dielectric coefficient is formed by two interdigitated 
finger electrodes (5, 6). 

1 1 . Apparatus according to claim 9 or 10, characterized in that one electrode 
10 (6) of the sensor pair adapted to perform the measurement of dielectric coefficient 

also forms a part of the measurement electrode pair (1,6) adapted to perform the 
measurement of the relative water content. 

12. Apparatus according to claim 9, characterized in that the sensor means 
15 sensitive to changes in the dielectric coefficient is formed by a coaxial structure, 

wherein one electrode is formed by a center pin and the jacket has a net-like structure 
and is permeable to water. 

13. Apparatus according to claim 12, characterized in that said auxiliary 
20 medium is a thin-film polymer layer. 

14. Apparatus according to claim 12 or 13, characterized in that the 
apparatus contains means adapted to measure the dielectric coefficient of said 
auxiliary medium whereupon the relative water content of said auxiliary medium can 

25 be determined. 
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[57] Abstract 

The invention relates to a method and apparatus for the 
measxiring the water content of a liquid. In the method, a 
property of the liquid is measured electrically for one 
parameter. According to the invention, the properties of the 
liquid are measured at least substantially simultaneously by 
another electrical method, too, whereby the properties of 
the liquid are measured using both a relative-value and an 
absolute-value measurement method. 



(FIG. 1) 
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